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PROBE CARD COVERING SYSTEM AND METHOD 



BACKGROUND OF THE INVENTION 



The present invention relates to probe cards having electrical contacts for testing 
integrated circuits, and more specifically for a covering system and method to protect those 
electrical contacts. Probe cards are used in testing a die, e.g. integrated cifcuif devices,^ 



"(sometimes called a prober) wherein the probe card is electronically connected to the tester 
device, and in turn the probe card is also in electronic contact with the integrated circuit to be 
tested. One example of such prober/tester is shown in U.S. Patent No. 5,640,100 (incorporated 
herein by reference). Other testers may be modified and used in connection with the present 
invention as well. 



The probe card has electrical contacts for contacting discrete portions of the integrated 
circuit to conduct electrical signal testing of the circuit. Such contacts typically are in the form 
of microsprings. For example, such contacts are disclosed in U.S. Patent Nos. 6,184,053 Bl, 
5,974,662 and 5,917,707. 



Such electrical contacts, while robust in use, are somewhat fragile and can be subject to 
damage or deflection by unintended physical contact or otherwise. Probe cards have been shown 
protected with a packaging system, such as packaging/shipping covers as disclosed in U.S. 
Patent No. 5,695,068. 
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SUMMARY OF THE INVENTION 

The invention is set forth in the claims below, and the following is not in any way to 
limit, define or otherwise establish the scope of legal protection. In general terms, the present 
invention relates to a cover for the electrical contacts for probe cards. The cover, alone or in 
combination with the probe card and/or alone in combination with the tester and/or a method 
thereof covers the electrical contacts, thereby protecting them. The cover is removable within 
and/or as a part of the testing machine itself, thereby protecting the electrical contacts even when 
they are being unpackaged and loaded into the testing machine. 

One object of the present invention is to provide a cover for probe card electrical 
contacts. This and other objects may be discerned from the present disclosure. 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a top perspective view of one example of a testing machine used according to 
the present invention. 

FIG. 2 is an exemplary flowchart showing one method according to the present invention. 
FIGS. 3 A - 3E are side diagrammatic views of one embodiment in the present invention 
showing steps in sequence removing a cover from contacts of a probe card. 
FIG. 3F is a perspective view of pads on wafer board. 

FIGS. 4A and 4B are a side diagrammatic view of another embodiment of the present 
invention. 

FIGS. 5 A - 5E is a side diagrammatic view inside a tester showing another embodiment 
of the present invention. 

FIGS. 6 A - 6B is a bottom plan view of another embodiment of the present invention. 

FIGS. 6C and 6D are partial side views of the embodiment of FIG. 6A and 6B. 

FIG. 7A is a bottom plan view of another embodiment of the present invention with the 
cover closed. 

FIG. 7B is a bottom plan view of the device of FIG. 7 A with the cover open. 
FIG. 8A is a bottom plan view of another embodiment of the present invention with the 
cover closed. 

FIG. 8B is a bottom plan view of the device of FIG. 8A with the cover open. 
FIG. 9A is a bottom plan view of an alternative embodiment of a cover according to the 
present invention. 

FIG. 9B is a partial side sectional view of the cover of FIG. 9A connected to a probe 

card. 



FIG. 10 is a bottom plan view of another embodiment of a cover according to the present 
invention. 

FIG. 1 1 is a bottom plan view of another embodiment of a cover according to the present 
invention. 

FIG. 12 is a bottom plan view of another embodiment of a cover according to the present 
invention. 

FIG. 13 is a bottom plan view of another embodiment of a cover according to the present 
invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
For the purposes of promoting an understanding of the principles of the invention, 
reference will now be made to the embodiments illustrated in the drawings and specific language 
will be used to describe the same. It will nevertheless be understood that no limitation of the 
scope of the invention is thereby intended, and alterations and modifications in the illustrated 
device and method and further applications of the principles of the invention as illustrated 
therein, are herein contemplated as would normally occur to one skilled in the art to which the 
invention relates. 

FIG. 1 shows a typical example of a wafer prober 20 usable in connection with the 
present invention. Tester 20 typically includes an access opening 21 for mounting the probe card 
inside the tester. Control panel 22 allows for operator control of the testing process. 
Semiconductor wafters are also loaded into the wafer prober 20, often times in a "boat" or 
cassette which allows several wafers to be held for testing sequentially by contact with the probe 
card. 

FIG. 2 illustrates an exemplary flowchart regarding one aspect of the present invention. 
As illustrated, a probe card is provided at act 100 and the cover device provided at act 200, with 
the two being combined at act 300. Acts 100, 200, and 300 may occur separately or 
simultaneously as part of the manufacturing process for creation of the probe card and cover. 
Typically thereafter the probe card with the cover is packaged and/or shipped at act 400 to the 
user of the probe card. Such user loads the probe card in a testing device, such as tester 20, at act 
600 and loads the wafers in the tester at act 500. Thereafter, with the probe card loaded in the 
tester, the act of removing the cover from the probe card occurs. This is typically performed by 
automated and/or robotic mechanisms built into the tester such as, and without limitation, such 
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devices described below as well as hybridization of the various systems disclosed below. 
Thereafter, the wafer is mated to the probe card, testing the wafer with the probe card at act 800. 

FIGS. 3A - 3F are but one example of the present invention. Referring to FIG. 3A, this 
drawing illustrates the inside of tester 20. Therein, probe card PC is mounted in the tester 
parallel to the die on a wafer (integrated circuit IC), and most typically positioned directly above 
it. The probe card has electrical contacts, such as contact 1 1, as known in the industry. For 
example, such contacts are generally the type disclosed in U.S. Patent Nos. 6,184,053 Bl; 
5,974,662; and 5,917,707 which are hereby incorporated by reference. Other contacts known in 
the industry may be included in any embodiment of the probe cards of the present invention. 
Typically, the probe card is connected to the testing machine by other electrical contacts, as 
diagrammatically illustrated with test head 23 directly connected with connections 24 to the 
probe card PC. Wafer chuck 25 including table actuator 26 to lift the integrated circuit IC 
vertically in the Z-axis direction (see FIGS. 3E, 3F) to allow electronic contact between contacts 
1 1 and pad (such as pad 1 la) of integrated circuit IC forming contact points. 

To allow for such contact, cover 210 is removed to expose electrical contacts extending 
from the flat bottom surface of the probe card. As shown in FIG. 3 A, cover 210 encloses the 
contacts within a space 212. That space is partially defined by a skirt or flange 211a. Preferably, 
space 212, as well as the interior surfaces of the cover, have a high degree of cleanliness, 
preferably less than about 10,000 parts per million of particular matter (1 micron or greater in 
diameter), and more preferably less than 1,000 parts per million, and preferably still less than 
100 parts per million of particulate greater than 1 micron in diameter. 

Cover 210 may be attached to the probe card in a variety of ways. For example, contact 
211 may comprise a metal contact including magnets on the probe card, magnets on the cover, 



both, and corresponding ferro-magnetic surfaces to hold the cover in place. Alternatively, 
contact 211 may be adhesive, such as a temporary contact adhesive which, upon application of 
Z-axis axial force of the cover may separate the cover from the probe card. Other attachment 
mechanisms may be used as well, including bayonet mounts, thread mounts, snap fit and/or other 
detent mounts and otherwise. 

Referring to FIG. 3B, the system of FIG. 3 A is shown with holder 215 moved into 
position along a transverse horizontal X-axis by actuator arm 217. Holder 215 preferably 
includes holder elements such as element 216 to hold cover 210. Such elements may take a 
•variety of shapes, and preferably engage one or more surfaces on the holder. For example, as 
illustrated in FIGS. 3C and 3D, elements 216 grab the outside perimeter of cover 210. The 
holder element may be magnetic. Also, alternatively, as discussed below and otherwise, such 
holders may engage recesses or other surfaces in or on the cover to facilitate holding the cover 
and removing it from the probe card. After grabbing the cover 210 (FIG. 3C), in this particular 
embodiment arm 217 and holder 215 retract downwardly in the Z-axis, thereby removing the 
cover below the probe card and clearing the contacts 211. Thereafter, they are moved out of the 
way, typically in a horizontal X-axis direction, or by swinging an arcuate path, or otherwise, so 
that the integrated circuit IC (on the semiconductor wafer) and probe card PC may be brought 
together in engagement illustrated in FIG. 3E. Thereafter, the electronic testing in the integrated 
circuits through the probe card and testing device 20 is accomplished. 

FIGS. 4 A and 4B disclose an alternative embodiment utilizing cover 310 on probe card 
PC. As illustrated, arms 317 and 318 swivel in a position along the X-axis (and the Y-axis) 
through arcuate movement under the electrical contacts 31 1 of the probe card (FIG. 4A). As part 
of this, there is also vertical movement to have holder 316 engage or otherwise hold cover 310 



by mechanical robotic action, such as telescoping action, rack gear, or otherwise. The holder is 
withdrawn in the vertical Z-axis retracted away from the probe card as illustrated in FIG. 4B. 
The probe card, which is held within the tester 20 by mounts such as 320a, 320b, 320c, and 320d 
in the testing machine. 

Referring to FIGS. 5 A, 5B, 5C, 5D and 5E, these drawings show an alternative 
arrangement of the present invention sequentially inside testing device 20. Probe card PC is 
mounted in mounts 420a, 420b, 420c and 420d in the tester. Electrical contacts, such as contacts 
41 1 are oriented downwardly in a Z-axis direction along the bottom surface of the probe card 
which ordinarily is flat planar surface. Holder 415 is provided on the carriage mechanism along 
guide rails 417. Casters 418 or other low friction engagement with guide 417 are provided to 
allow movement from a first position (FIG. 5 A) to a second position (FIG. 5B) along guide 417. 
Typically, guides 417 comprise a pair of such guides in parallel arrangement spaced far enough 
apart in the Y-axis direction (in and out of the page) such that when the cover is removed (FIG. 
5E) the guides 417 do not interfere with the upward movement of the table and integrated circuit 
(of the type shown as table 25 in FIG. 3E) to allow for testing of the integrated circuit. As shown 
in FIG. 5C, holder 415 preferably is moved in position, preferably with vertical movement in the 
Z-axis so that holder elements 416 grab any one of a number of mechanical and/or other 
mechanisms to hold cover 410. As illustrated in FIG. 5C, such lifting mechanism may have a 
scissor mechanism 419, although telescoping action, lever action, thread action, cam action and 
other lifting mechanisms may be used. Such lifting mechanism, as with the other movements in 
the other embodiments, may be actuated by a variety of mechanisms such as pneumatics, stepper 
motors, servo motors or other electrical motors or otherwise. For example, lever mechanism 415 
can be moved along guide 417 by such means as well. 
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After holder 415 grabs cover 410, as illustrated in FIG. 5D, holder 415 retracts 
downwardly in the Z-axis. Thereafter, holder 415 is moved transversely out of the way such as, 
for example, along an X-axis parallel with guide 417. As shown in FIG. 5E, when holder 415 
and cover 410 are moved out of the way, microspring contacts, or other such contacts, on the 
underside of the probe card are now exposed and ready for engagement and testing of an 
integrated circuit. 

According to FIGS. 6A - 6D, FIGS. 7A - 7B, and FIGS. 8A - 8B, the present invention 
may alternatively include a cover mechanism which, when combined with the probe card PC, is 
integrally formed as a part of the probe card, rather than having the cover completely removed as 
described with the previous examples. More specifically, referring to FIGS. 6A, 6B, 6C, and 6D, 
cover 510 is provided covering electrical contacts, such as contacts 511. The cover is moveable 
between a first position (FIG. 6A) and the second position (FIG. 6B) to expose the electrical 
contacts of the probe card PC. Cover 510 may comprise any number of shapes and is, for 
example, illustrated here as being square in shape but may be round or otherwise. As illustrated, 
cover 510 is moveable by sliding along tracks or guides 517a and 517b which, in the preferred 
and illustrated version, are parallel and linear, although they may be nonlinear or otherwise. 
Tracks may be fixed to and/or formed as a part of the probe card, and may be machined slots in 
the probe card as illustrated in this one example. In place of tracks, rollers may be incorporated 
to allow movement of the cover 510 from the first position (FIG. 6 A) to the second position 
(6B). 

Moreover, another optional feature with such approach is to have cover 510 retractable in 
the Z-axis. This may be accomplished in a number of ways, one of which is illustrated, it being 
understood that other approaches are within the present invention as well. For example, with 
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reference to FIGS. 6C and 6D, once cover 510 is moved to the second position (slid to the far 
right in the drawing figures), then support struts 531 and 532 may be mechanically lifted upward 
once boss 533 and boss 534 are in alignment with corresponding openings, such as opening 518. 
Such bosses maintain cover 510 clear of contacts 511 while the cover is in the first position. Yet, 
the openings, such as opening 518, allow the bosses to pass there through in a Z-axis direction. 
Accordingly, as illustrated in the phantom lines of FIGS. 6D showing the retracted position, the 
Z-axis thickness of cover 510 is preferably less than the Z-axis height of the electrical contacts. 
Retracting the cover out of the way of the contacts avoids interference when the contacts 
electronically engage the integrated circuit to be tested. It should be noted that alternative 
arrangements of sliding cover 510 may be provided. For example, although FIG. 6 A - 6D 
illustrate a single sliding cover, this may be modified to have two or more sliding covers. For 
example, there may be two sliding covers, a left-half cover and a right-half cover with each of 
them moving between a first position (covering the electrical contacts) and the second position 
(exposing the electrical contacts) in which the two cover halves move in opposite directions. 
Other mechanisms may be provided which more than two cover components move to expose the 
contacts by movement in radiating directions away from the electrical contacts. 

Referring to FIGS. 7 A and 7B, an alternative arrangement is provided with cover 610. 
Cover 610 is mechanically configured like an aperture of a photographic camera. The aperture 
has several sheaves, such as sheaves 610a, 610b, and 610c. Cover 610 may be moved between a 
closed position (FIG. 7A) covering the electrical contacts of probe card PC and an open position 
(FIG. 7B) exposing electrical contacts 611. The actuation of this aperture movement may be 
done a number of ways. By way of example only, rotary gear 617 may provide rotational 
movement to move the aperture between an opened and closed mode. This gear may be driven 
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by electric motors, pneumatics or otherwise as previously described. Similarly, an engagement 
gear may be retracted in and out of engagement with the cover of a probe card inside the testing 
machine 20. Alternatively, a rotating shaft and/or gear may be built into cover 610 that protrudes 
vertically upward through probe card PC as an actuator from the top side of the probe card. As 
before, cover 610 is preferably low profile, and may be arranged to be selectively retractable to 
facilitate the protrusion of contacts 61 1 for engagement with the integrated circuit. 
Alternatively, the diameter of the aperture mechanism cover 610 may be sufficiently great in the 
open mode to clear contact with the integrated circuit. 

Referring to FIGS. 8 A and 8B, an alternative arrangement is illustrated in which cover 
710 comprises two cover halves, 710a and 710b. The cover halves have a hinge mechanism, 
such as hinge mechanism 612. The cover halves move between a first closed position (FIG. 8 A) 
and a second open position (FIG. 8B). In the open position, contacts 71 1 of the probe card PC 
are exposed for engagement and testing of an integrated circuit. Actuation of the cover halves 
710a and 710b may be from a variety of mechanisms, such as a robotic arm, mechanical and/or 
magnetic engagement with the cover halves. Similarly, the cover halves may be held open by 
mechanical engagement with a lever arm, detent mechanism or magnet holder or otherwise. 

Referring to FIGS. 9A, 9B, 10, 11, 12 and 13, some additional samples of embodiments 
of covers according to the present invention are illustrated. Again, these samples may be 
hybridized with each other and vary in shape, size, proportion and other features. For example, 
referring to FIGS. 9A and 9B, cover 810 is illustrated. It has one or more recesses 825 formed as 
circumferential recess surfaces in the cover perimeter. These surfaces provide multidimensional 
surfaces for engagement with the holder elements previously exemplified. Additionally, as 
previously mentioned, any of the covers in the present invention may be connected to probe card 
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PC in a variety of mechanisms. This can be by way of snap fit, bayonet mount, contact adhesive, 
magnetic device, threading or otherwise. As illustrated in FIG. 9B, a detailed cross-sectional 
view, cover 810 is shown with a bayonet mount to probe card PC. A circumferential bayonet 
slot and corresponding bayonet tongue 81 1 are provided for engaging connection between the 
cover and the probe card. The probe card is placed in the circumferential bayonet slot, and 
rotated partially to lock the cover in place. As previously described, space 812 surrounds 
electrical contacts and preferably is maintained with the previously specified clean room 
standards. 

Referring to FIG. 10, an alternative cover 910 is disclosed. This cover has formed in it a 
centrally located recess 925. This recess forms a key lock bayonet mount for engagement with a 
holder element for holding and removing the cover from the probe card contacts. Recess 925 
includes a central region 926 and one or more radial regions 927. These allow a corresponding 
key lock to be inserted axially (typically in the Z-axis) to the prescribed depth. Thereafter, the 
key lock is rotated into engagement with a recess surface area 928, shown in phantom lines. In 
this way, the cover may be grabbed by the robotic arm or otherwise for removal. 

FIG. 1 1 illustrates an alternative cover 1010 shown as being square in shape. It has an 
exterior surface 1025, and specifically includes four such surfaces, for engagement with a holder. 
They may hold by friction fit, jaw clamp grabbing, or otherwise. Similarly, the shape of this 
cover may be any shape suited to cover the contacts. 

FIG. 12 illustrates an alternative cover 1110. In this example, cover is octagonal in 
shape. Moreover, cover 1 1 10 includes one or more recesses 1 125. These recesses provide one 
or more surfaces within the cover. These recesses provide one or more surfaces for holder 
elements to engage and grab cover 1 1 10 for removal and/or replacement over electrical contacts. 
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FIG. 13 discloses an alternative embodiment of the present invention as cover 1210. 
Notably, this cover is disclosed in a grid form with open spaces between grid bars. Unlike other 
variations of the cover of the present invention, this does not provide a hermetic sealing of the 
covered space surrounding electrical contacts, but nevertheless provides a covering to" protect the 
electrical contacts from accidental bumping or other contact, human or otherwise, causing 
deflection and/or damage to the contact. Such grid patterns may take any configuration, 
including parallel bars, hexagonal grids, or otherwise. Moreover, although most of the covers 
disclosed are, by way of example, shown with skirt flanges protruding in the Z-axis from a cover 
plane segment located over the contacts, such skirt segments may be replaced by struts (typically 
three or more) to maintain the cover away from (typically below) the electrical contacts of the 
probe card so that the cover does not smash the contacts. 

As previously mentioned, various features may be hybridized among the various 
embodiments disclosed. For example, the key lock mechanism of FIG. 10 may be disclosed with 
any of the mechanisms for removing the cover, by way of example only, including the 
mechanisms of FIGS. 3A - 3E. Likewise, the connection between the cover and the probe card 
may be hybridized between any of the examples and/or modified as set forth in the written 
description. By way of example only, the bayonet mount in FIG. 9B may be utilized with a 
robotic arm illustrated in FIGS. 4 A and 4B. 

One optional feature which may be included on any of the previously prescribed 
embodiments is a sensor for determining and recording information concerning the cover and the 
probe card. One such sensor would record the date and time the cover was first removed from 
the probe card. For example, the cover may include a pin engaged with a receptacle on the probe 
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card. When the cover is first removed from the probe card the pin is removed from the 
receptacle which causes a computer chip located on the probe card to record the date and time. 

The second type of sensor would determine the first use of the probe card by recording 
the date and time the electrical contacts of the probe card first contacted a wafer. For example, a 
sensor would detect pressure exerted on the electrical contacts and determine the probe card had 
been used when a force of a particular magnitude is detected. In another example, a sensor may 
monitor capacitance of the probe card. A particular magnitude change in capacitance would 
indicate the probe card had engaged a wafer and triggered a recording of the date and time. 

A third type of sensor would determine the number of times the electrical contacts of a 
probe card had engaged the contact elements on a wafer. For example, a pressure sensor may 
monitor the force exerted on the electrical contacts of the probe card. A force exceeding a 
predetermined magnitude would indicate a contact with a wafer and cause the event to be 
recorded on a computer chip. 

Of course various combinations of the aforementioned sensors are also contemplated by 
the present invention. A probe card according to the present invention may incorporate more 
than one of these sensors or sensors which simultaneously perform more than one recording task. 
For example, a sensor may determine and record the date and time the contact elements first 
engaged a wafer card as well as the total number of engagements. The various sensors for 
recording information concerning the probe card and cover may also be used in combination 
with other types of sensors not disclosed in this application. 

The various covers of the present invention may be made from a variety of material. 
More commonly, they will be made of a nonconductive anti-static plastic material, typically 
molded or otherwise formed to shape. As a part of this, the covers may include conductive 
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material or media, a metallic foil and may be made of metal, although not necessarily so, to 
preferably dissipate static electricity. 

Typically, the height of the electrical contacts used in the probe card is approximately 
0.040", or about one millimeter. As such, the clearance of the covers exceeds such height in the 
typical design, but naturally may be modified in accordance with the particular height of a 
particular probe card contact. The shape, dimensions and proportions to the various features 
described above may be altered, modified or combined according to design choice in light of the 
present inventive disclosure. 

While the invention has been illustrated and described in detail in the drawings and 
foregoing description, the same is to be considered as illustrative and not restrictive in character, 
it being understood that only the preferred embodiment have been shown and described and that 
all changes and modifications that come within the spirit of the invention are desired to be 
protected. The articles "a", "an", "said" and "the" are not limited to a singular element, and 
include one or more such element. 
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